
US005926612A 

Umted States Patent 19 11 Patent Number: 5 926 612 9 9 

Gillard et al. [45] Date of Patent: Jul. 20, 1999 

5,047,865 9/1991 Inoue ...................................... .. 386/36 

[54] APPARATUS FOR RECORDING DATA WITH 5,216,719 6/1993 Oh ......... .. 381/36 
A MULTLLEVEL ARRANGEMENT 0F 5,317,457 5/1994 Matsumi et a1. 360/48 

5,394,275 2/1995 Iketani et a1. . 386/123 
ERROR CORRECTION CODING 5,465,181 11/1995 Yoshinaka ............................. .. 386/124 

[75] Inventors: Clive Henry Gillard, Kempshott; 18/ Ehlmoto 16 t a1‘ """"""""""" " James Hedley Wilkinson Heathlands' 5’682’457 “$1997 WatO 6: al' 385122 
’ ’ , , 00 e a . ............................ .. 

Michael John Ludgate, Kings Furlong; 
Jonathan James Stone, Mortimer, all _ _ _ 
of United Kingdom Primary Exammer—Tha1 Tran 

Attorney, Agent, or Firm—Frommer Lawrence & Haug 
[73] Assignees: Sony Corporation, Tokyo, Japan; Sony LLP; Wllham S- Frommer; Dennls M- Smld 

United Kingdom Limited, Weybridge, 
United Kingdom [57] ABSTRACT 

An apparatus for recording video data With a multi-level 
[21] Appl. No.: 08/598,365 arrangement of error correction coding. Input video data is 

_ _ demultiplexed so as to form a plurality of data streams each 
[22] Flled' Feb‘ 8’ 1996 having a plurality of data blocks. A stream error correcting 

[30] Foreign Application Priority Data code is‘ generated for each of the plurality of data streams, 
_ _ WhlCh 1s adaptable to alloW correction of a data block. The 

Feb- 20, 1995 [GB] Unlted Klngdom ~~~~~~~~~~~~~~~~~ ~~ 9503297 respective data blocks and stream error correcting code of 

6 each data stream is distributed or arran ed in a redeter 
[51] Int. Cl. .. ............. .. H04N 5/76 _ _ _ g p 

[52] U S C] 386/122 386/124 mined manner. The distributed data blocks and stream error 
58 F,‘ I'd """ 386/46 ’109 112 correcting code of each data stream are recorded on record 

[ ] 1e 586/133? 3 48_ ?04N’5/76’ ing tracks of a recording medium by n recording heads such 
’ ’ ’ ’ ’ ’ 5/782’ that only either a data block or a stream error correcting code 

of a respective data stream is recorded at corresponding 
[56] References Cited positions along n adjacent recording tracks of the recording 

medium. Additionally, track error correction codes and inner 
U.S. PATENT DOCUMENTS error correction codes may be provided Which may enable 

h_ 1 correction of data recorded on a respective track and error 
gt‘: eltnil?to et a‘ " correction for inner blocks, respectively. 

4,785,358 11/1988 Ninomiya 386/112 
4,882,732 11/1989 Kaminaga ............................... .. 360/53 15 Claims, 5 Drawing Sheets 

Video data 10 20 ,30 0 50 L 60 

Com ress shuffle channel i‘. A 
p & ECC encode B 

de- ECG channel D 
compress ,decode 8‘ decode ' C 

* mv. shuffle 

9 video data I100 80 70 

120 130 
/l\ 

140 
1 4 3 2 

head 
scanning 
direction 
of tape 2 1 4 3 

3 2 1 4 

140 

4 3 2 1 

. [—1 50 

A B C D 



U.S. Patent Jul. 20, 1999 Sheet 1 of5 5,926,612 

ow 

o: 

om 

N mt 

on 0m. 02. M36 omE> / WVA + @Ezcw .>E wuoomn w wnoomn $6588 $520 00w .mu 
2826 00w w 

6265 @Escw wwmEEoo \ \ \ + 

om or Emu 82> 



U.S. Patent Jul. 20, 1999 Sheet 2 of5 5,926,612 

140 

head 
scanning 
direction 
of tape 

140 

f l 
420 _ ____________________ .i 

140 

---- -. 



U.S. Patent Jul. 20, 1999 Sheet 3 of5 5,926,612 

m .mt 

00m 00m 00m 
98m Emmbw 29w xom: 92w 6:5 

/ f f f / 
0mm /owm 0mm 0mm 0 5 com 

mm 

v at 

00m 00m 00m 
6:5 99% x09: 92w Emwbw 92m 

/ / 

0mm owm / 0mm ,/omw f0 5 foam 
@ 



U.S. Patent Jul. 20, 1999 Sheet 4 of5 5,926,612 

140 1 

2 320 

so 310\’ J 340 

330/ 3 



U.S. Patent Jul. 20, 1999 Sheet 5 of5 5,926,612 

600 

600 
Fig. 9 Fig. 10 



5,926,612 
1 

APPARATUS FOR RECORDING DATA WITH 
A MULTI-LEVEL ARRANGEMENT OF 
ERROR CORRECTION CODING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to digital tape recorders/players 
such as, for example, digital video tape recorders. 

2. Description of the Prior Art 

Helical scanning magnetic tape recording is used in 
applications Which require a high density of information to 
be recorded on a magnetic tape. When a tape is being 
recorded or replayed, it is Wrapped in a gentle helical path 
around the surface of a rotary head drum Which carries one 
or more magnetic heads. The tape advances around the drum 
by only a short distance during one revolution of the drum 
so that the heads record to, or replay from, a succession of 
parallel oblique tracks extending along and across the tape. 

This recording technique is particularly suited for use in 
digital video recording. Here, a number of record/replay 
heads are mounted on the head drum to provide access to a 
group of adjacent recording tracks on the tape, With the 
video data being distributed betWeen the different heads. 

In digital video tape recorders it is necessary to take 
precautions against the loss of video data through tape 
damage, head malfunction, temporary “drop outs” and the 
like. These error handling techniques are particularly impor 
tant in digital video tape recorders in Which the video data 
is compressed before being recorded, for example using the 
so-called “MPEG” (Motion Pictures Experts Group) com 
pression technique. This is because in techniques of this 
type, the reconstruction of a particular pixel may rely on a 
number of bytes of the compressed data. Similarly, the 
reconstruction of a frame of the output video signal often 
relies on data from temporally preceding or folloWing 
frames, so the loss of a particular portion of the video data 
may not only affect that frame but also other frames Which 
also depend on that data. 

Error handling precautions often include providing error 
detecting and/or correcting codes in the recorded data, and 
error concealment systems in the replay processing. 
HoWever, a particularly serious data loss (for example, the 
complete malfunction of one of the heads or a portion of 
serious tape damage extending across a large region of the 
tape) may defeat these error handling techniques. 

It has been proposed to alloW for the complete loss of 
selective groups of record/replay heads in a multi-head 
digital video tape recorder by spatially de-interleaving the 
image data into effectively “odd” and “even” samples along 
each line. The “odd” and “even” data streams are then 
separately compressed and are recorded on respective dif 
ferent groups of record heads. The technique facilitates error 
concealment When the image data is replayed, because even 
if an entire group of heads is lost, the data recorded by the 
other group Will provide alternate samples of a reconstructed 
picture, from Which the missing samples can be interpolated. 

HoWever, this technique is not ideal, because the 
de-interleaving process introduces distortions of its oWn, so 
that, for example, a 4:1 compression process performed after 
de-interleaving produces image quality corresponding to 
about a 5 .411 compression performed directly on the source 
data. 
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2 
SUMMARY OF THE INVENTION 

This invention provides a digital tape recorder compris 
mg: 

an error correcting code generator for generating an error 
correcting code from each of a plurality of input data 
streams, the error correcting code being sufficient to 
alloW correction of at least a 1/(n-1) proportion of the 
input data stream Where n is an integer greater than 1, 
each input data stream and the respective error correct 
ing code forming a composite data stream; 

n recording heads for recording data on substantially 
parallel recording tracks on a tape medium; and 

means for distributing each composite data stream 
betWeen the n recording heads for recording, so that at 
corresponding positions along the n recording tracks 
data from each composite data stream is recorded by no 
more than one of the recording heads. 

The invention addresses the problems of severe data 
errors or even complete head losses in digital tape recorders. 
Instead of using a de-interleaving process Which can intro 
duce distortions of its oWn, a more thorough error correcting 
code arrangement is used, so that the error correcting code 
used alloWs for the correction of at least one completely lost 

track of data (i.e. one complete head loss). 
Each composite data stream (of an input data stream and 

its corresponding error correcting code) are distributed 
(preferably substantially evenly) betWeen the n recording 
heads. This means that the loss of one head loses only a part 
of each composite data stream. If that part represents data 
from the input data stream, then the lost data could be 
reconstructed using the corresponding error correcting code 
(recorded on a different head). If the error correcting code is 
lost for a particular composite data stream, then the remain 
ing data should be intact. (In fact, in preferred embodiments, 
further error correction is applied to cope With relatively 
minor data errors in the remaining data). 
A further precaution is applied to protect against major 

data errors Which may damage a portion of a number of 
tracks. Examples of this type of data error are longitudinal 
scratches or edge damage on a helically scanned tape. In 
order to protect against this type of error, Which Would affect 
corresponding positions on a number of tracks, the data is 
distributed betWeen the tracks so that at corresponding 
positions along the n recording tracks data from each 
composite data stream is recorded by no more than one of 
the recording heads. Once again, this measure reduces the 
loss to any particular composite data stream to a level Which 
should be correctable by the error correcting code associated 
With that data stream. 

The invention is particularly applicable for use With 
helical scanning tape recorders. HoWever, use With a 
stationary-head recorder is also envisaged. 

For further protection against errors affecting a part of the 
input data and the corresponding part of the error correcting 
code required to correct that data, and since the siZe of an 
error correcting code capable of correcting a 1/(n-1) pro 
portion of the data Will generally be of the order of 1/n of the 
resulting composite (total) data steam, it is preferred that the 
error correcting code for each composite data stream is 
recorded by a single respective recording head. 

Although the invention is applicable to many types of 
data, such as ?nancial or audio data, the invention is suited 
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for use With input data streams comprising video data. In 
particular, because of the signi?cant effect that data errors 
can have on compressed video data, the invention is par 
ticularly Well suited for use With input data streams com 
prising compressed video data. If necessary, recording space 
for the ECC being provided by applying a slightly heavier 
compression ratio, With the resulting slight signal degrada 
tion being compensated for by the improved error handling 
characteristics of the recorder. 

Although the compressed video data could be supplied 
externally to the recorder, it is preferred that the recorder is 
capable of receiving and handling uncompressed video. To 
this end, it is preferred that the recorder comprises data 
compression means for compressing an input uncompressed 
video signal, and for demultipleXing the resulting com 
pressed video signal into the input data streams. 
As an eXtra precaution against, for eXample, further 

drop-outs Which may occur on other tracks When a particular 
track is lost, it is preferred that the recorder comprises means 
for generating respective track error correcting codes from 
data recorded by each of the recording heads, the track error 
correcting code for each recording head being recorded on 
the tape medium by that recording head. 
As yet another protection against data errors, it is pre 

ferred that data is recorded by each recording head as 
successive data blocks, the recorder comprising means for 
adding an inner error correcting code to each data block, the 
inner error correcting code for a data block being generated 
from that data block. 

Although many knoWn error correcting codes are suitable 
for use With the invention, in a preferred embodiment at least 
one of the error correcting code, the track error correcting 
code and the inner error correcting code is a Reed-Solomon 

code. Alternatively (or in addition), at least one of the error 
correcting code and the track error correcting code could be 
a parity-checking code. 

It is preferred that the recorder also acts as a tape player, 
by incorporating means for replaying data previously 
recorded on a tape medium. It Will be appreciated that the 
replaying means could include separate replay heads or 
combined record/replay heads, error correction means 
responsive to the error correcting codes described above, 
and/or data decompression means. 

This invention also provides a digital tape medium having 
a plurality of substantially parallel recorded tracks, on Which 
a plurality of composite data streams, each comprising an 
input data stream and a respective error correcting code 
generated from that input data stream, are distributed 
betWeen the plurality of recorded tracks, so that, at corre 
sponding positions along the plurality of recorded tracks, 
data from each composite data stream is recorded on no 
more than one of the recorded tracks. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the invention Will be apparent from the folloWing detailed 
description of illustrative embodiments Which is to be read 
in connection With the accompanying draWings, in Which: 

FIG. 1 is a schematic diagram of a digital video tape 

recorder; 
FIG. 2 schematically illustrates a track pattern recorded 

by the recorder of FIG. 1; 
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4 
FIG. 3 schematically illustrates the layout of data on a 

tape recorded by the recorder of FIG. 1; 
FIG. 4 is a schematic block diagram of an error correcting 

code generator; 
FIG. 5 schematically illustrates the generation of a chan 

nel error correcting code; 
FIG. 6 schematically illustrates the generation of an outer 

error correcting code; 
FIG. 7 schematically illustrates the process of reading 

inner data blocks from a frame store; 

FIG. 8 is a schematic block diagram of an error correcting 

code decoder; 
FIG. 9 schematically illustrates the effect of a head failure 

in the recorder of FIG. 1; and 

FIG. 10 schematically illustrates the effect of damage to 
the edge of a tape medium. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW to FIG. 1, a digital video tape recorder/ 
player (DVTR) comprises a data compressor 10 for receiv 
ing input (uncompressed) video data and compressing the 
video data to reduce the number of bits required to encode 
the video, a shuffler and error correcting code (ECC) 
encoder 20 and a channel encoder 30. The channel encoder 
30 supplies channel-encoded data to four magnetic record/ 
replay heads 40, referenced as heads A, B, C and D. The 
heads 40 are mounted on a rotary head drum 50 so that a tape 

60 is helically scanned by the heads 40. 
In a replay mode, data read from the tape 60 by the heads 

40 is supplied ?rst to a channel decoder 70, then to an ECC 
decoder and inverse shuf?er 80, folloWed by a data decom 
pressor 90. Along With the compressed video data supplied 
to the decompressor 90, the ECC decoder and inverse 
shuf?er 80 also supplies error ?ags 100 indicating the 
validity of the supplied data. 

The data compressor 10 and the data decompressor 90 use 
complementary compression and decompression 
algorithms, such as the “MPEG” algorithm described in 
many publications such as “The MPEG Systems Coding 
Speci?cation”, A G MacInnis, Signal Processing Image 
Communication 4 (1992) April, No. 2. Because video data 
compression is Well described elseWhere, the internal opera 
tion of the data compressor 10 and the data decompressor 90 
Will not be described in detail in this document. 

The operation of the shuf?er and ECC encoder 20, and the 
complementary operation of the ECC decoder and inverse 
shuf?er 80, Will be described in more detail beloW. 

Channel encoding (and complementary decoding) is 
again described extensively in other publications, such as 
the book “Introduction to the 412:2 Digital Video Tape 
Recorder (S Gregory, Pentech Press, 1988). Brie?y, channel 
coding is carried out to ensure that the digital signals to be 
recorded on the tape 60 have properties (such as frequency 
distribution) suitable for the response of the magnetic tape 
60. Channel coding is often performed With a simple look-up 
table. The channel decoder 70 simply reverses the operation 
of the channel encoder 30. 

In the embodiment of FIG. 1, four magnetic heads 40 are 
arranged in tWo groups of tWo heads, and the tape 60 has a 



5,926,612 
5 

Wrap angle of about 180°. This leads to a track pattern of the 
form shown schematically in FIG. 2. 

In FIG. 2 successive tracks are formed as oblique strips 
100 on the tape 60. The tracks from the four magnetic heads 
40, A, B, C and D form a group of adjacent, substantially 
parallel tracks. This sequence is repeated along the tape. 
A similar track pattern could be obtained by using a 

so-called “omega” Wrap (nearly 360°), With a single group 
of four adjacent heads. 

FIG. 3 schematically illustrates the layout of data on the 
tape 60 as recorded by the recorder of FIG. 1. 

The arrangement of the data for recording is carried out by 
the data shuf?er and ECC encoder 20. (The channel encoder 
30 simply forms channel encoding on Whatever data is 
passed to it, and forWards the channel encoded data to the 
magnetic heads 40.) The shuffler and ECC encoder 20 
receives a single stream of compressed video data from the 
data compressor 10 and demultipleXes that stream into four 
separate data streams, Which Will be referenced by the 
numbers 1, 2, 3 and 4. Each data stream is then split into 
three blocks 140 for recording by a group 120 of three of the 
magnetic heads. (In the eXample of FIG. 3, these are the 
heads A, B and C.) A “stream” error-correcting code 130 is 
derived from each data stream, and is shoWn in FIG. 2 With 
the same reference (1, 2, 3 or 4) as the respective data 
stream. This ECC is of the same siZe as one of the blocks 140 

of video data, and provides sufficient protection to alloW the 
video data to be corrected if one Whole block 140 of data is 
lost. 

The shuf?er and ECC encoder 20 distributes the data for 
each data stream and its associated stream ECC 130 (i.e. a 
composite data stream) betWeen the four magnetic heads 40 
so that substantially equal proportions of each data stream 
are recorded on the group of heads 120 and the ECC is 

recorded on the remaining head (in this case, head D). At any 
position along a track (i.e. in the head scanning direction) 
data corresponding to one of the data streams (either video 
data or the ECC) is recorded on no more than one of the 

magnetic heads 40. For example, in the top roW of FIG. 3, 
representing the ?rst part of the tracks scanned by the four 
magnetic heads 40, data from the data stream 4 only on head 
B. 

As described earlier, this arrangement provides protection 
against one complete head loss or longitudinal tape damage 
such as a tape scratch. 

The shuffler and ECC encoder 20 then derives a second 
ECC, Which Will be referred to as a “track” ECC 150, Which 
provides a degree of correction for the data recorded on that 
track. In other Words, for each of the four tracks of FIG. 3 
(shoWn as vertical columns), the track ECC 150 provides a 
degree of correction for the data recorded in that column of 
FIG. 3. The track ECC 150 does not provide such thorough 
protection as the stream ECC 130, but does alloW small 
drop-outs or other data errors to be corrected. 

The ?nal level of error correcting code generation takes 
place When the data to be recorded on the tape is formatted 
into individual data blocks, referred to here as “inner” 
blocks. Each inner block is of the order 100 bytes long, and 
carries a short Reed-Solomon “inner” ECC alloWing error 
correction and detection for that inner block. This technique 
is again described in the book by Gregory detailed above. 
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6 
In summary, the shuffler and ECC encoder 20 generates 

three levels of ECC, namely the stream ECC 130, the track 
ECC 150 and the inner ECC, and also distributes blocks 140 
of data and the stream ECC 130 across the four recording 
heads and along the tracks so that, at corresponding posi 
tions along the tracks, data or ECC from each data stream is 
recorded on no more than one of the recording tracks. The 

track and stream ECCs could be, for example, Reed 
Solomon or parity checking codes. 

FIG. 4 is a schematic block diagram of a shuf?er and error 

correcting code generator 20. 
Compressed video data from the data compressor 10 is 

Written into a frame store 200. In fact, the data is Written into 

the store 200 at positions (addresses) corresponding to the 
layout of blocks 140 in the non-shaded area of FIG. 3. In 
other Words, the shuf?ing of blocks of the four data streams 
is carried out as the data is Written into the frame store 200. 

Achannel ECC generator 210 reads the compressed video 
data from the frame store 200, and computes corresponding 
stream ECCs. As part of its operation, the stream ECC 
generator 210 Writes the data from each data stream and the 
corresponding stream ECC into a second frame store 220. 

A track ECC generator 230 reads columns of data from 
the second frame store 230, generates the track ECC, and 
Writes the resulting data and ECC into a third frame store 
240. Since the frame store 220 contains not only the com 
pressed data but also the stream ECC, the track ECC 
generator 230 generate track ECCs to protect both the video 
data and the stream ECC. This means that small data errors 

in the stream ECC blocks can be corrected by the track ECC. 

Finally, an inner ECC generator 250 operates on small 
contiguous blocks of the data contained in the frame store 
240 and appends a short inner ECC to each data block for 
recording. 

FIG. 5 schematically illustrates the operation of the 
stream ECC generator 210 in more detail. 

The frame store 200 contains the compressed video data 
output by the data compressor 10, arranged in four roWs 300 
each of three blocks 140 of the compressed video data. The 
stream ECC generator 210 reads data bytes 310 at corre 
sponding positions in the blocks 140 for a particular data 
stream (in FIG. 5, this process is illustrated for data stream 
3) and generates a corresponding byte 320 of the stream 
ECC 130. The stream ECC generator then repeats this 
process for adjacent bytes 330 of each block 140, to generate 
a further ECC byte 340 and so on. The compressed video 
data blocks 140 and the blocks of stream ECC 130 are 

Written during this process into the second frame store 220, 
Which accordingly has four roWs of four blocks of data. 

FIG. 6 schematically illustrates the operation of the track 
ECC generator 230. 
The track ECC generator 230 operates on the four roWs of 

four blocks of data stored in the second frame store 220. The 
track ECC generator reads a column of bytes 350 of data 
stored in the second frame store 220, and generates tWo 
bytes 360 of track ECC 150 from that column. The track 
ECC generator 230 then repeats this process for each 
column, in each case generating tWo bytes (eg the bytes 
370) of track ECC. During this process, the track ECC 
generator 230 Writes the 16 resulting blocks of data (from 



5,926,612 
7 

the frame store 220 and the neWly-generated track ECC 
bytes 150) into the third frame store 240. 

FIG. 7 illustrates the operation of the inner ECC generator 
250. 

FIG. 7 is in fact an enlarged vieW of the top left block 140 
of FIGS. 3, 4 or 6. The inner ECC generator 250 reads 
relatively small, contiguous blocks 400, 410, 420, . . . of the 
data block 140, and generates a short (e.g. four bytes) ECC 
from each inner block. This inner ECC is appended to the 
inner block, Which is then passed to the channel encoder 30 
for recording. 

FIG. 8 is a schematic block diagram of the ECC decoder 
and inverse shuf?er 80 of FIG. 1. 

The ECC decoder and inverse shuf?er 80 comprises an 
inner ECC decoder 500, a frame store 510, a track ECC 
decoder 520, a frame store 530, a stream ECC decoder 540 
and an output frame store 550. 

The operation of the three ECC decoders 500, 520, 540 is 
complementary to that of the encoders shoWn in FIG. 4. The 
frame stores 510, 530 and 550 are used for the transfer of 
data betWeen the ECC decoders, and also (in the case of the 
?nal frame store 550) for the block shuffling operation 
carried out When the data Was Written into the frame store 
200 to be reversed. 

The ECC decoders are operable to ?ag data for Which 
errors have been detected but (due to the severity of the 
error) has not been corrected. At the end of the processing 
carried out by the ECC decoder and inverse shuf?er 80, and 
remaining uncorrected errors are ?agged by error ?ags 100, 
Which are passed to the data decompressor 90. These error 
?ags are used in conventional manner to indicate that error 

concealment is required for the erroneous video data. 

Finally, FIGS. 9 and 10 illustrate the effect of recording or 
replay faults on the recorded data. In particular, FIG. 9 
schematically illustrates the effect of a head failure in the 
recorder of FIG. 1. In this case, every fourth track 600 
cannot be read. HoWever, using the techniques described 
above, the data from that track can be reconstructed using 
the ECC 130. Alternatively, if the erroneous track 600 
actually carries the ECC 130 for a particular data stream, this 
means that the remaining three tracks carry all of the video 
data required for that stream. 

In FIG. 10, the edge portion 610 of a tape is damaged, 
Which means that some or all of a roW of blocks 140 (FIG. 

3) Will be unreadable. HoWever, if the remaining three roWs 
of blocks are readable, the missing block can be recon 
structed for each data stream. 

In other embodiments the head drum could rotate at a 

different frequency to the ?eld rate of the input video signal. 
For example, a head drum having four heads (as above) 
could rotate at 75 revolutions per second for a 50 HertZ ?eld 

rate video signal, in Which case groups of 12 adjacent tracks 
storing tWo video ?elds Would be recorded. 

Although illustrative embodiments of the invention have 
been described in detail herein With reference to the accom 
panying draWings, it is to be understood that the invention 
is not limited to those precise embodiments, and that various 
changes and modi?cations can be effected therein by one 
skilled in the art Without departing from the scope and spirit 
of the invention as de?ned by the appended claims. 
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We claim: 
1. A digital tape recorder comprising: 
an error correcting code generator for generating an error 

correcting code from each of a plurality of input data 
streams, said error correcting code being suf?cient to 
alloW correction of at least a 1/(n-1) proportion of said 
input data stream Where n is an integer greater than 1, 
each said input data stream and said respective error 
correcting code forming a composite data stream; 

n recording heads for recording data on substantially 
parallel recording tracks on a tape medium; and 

means for distributing the respective input data stream 
and the respective error correcting code of each com 
posite data stream betWeen said n recording heads for 
recording such that at least one respective data portion 
of each data stream is recorded by more than one of the 
recording heads and such that at corresponding posi 
tions along said n recording tracks data from the 
respective input data stream and the respective error 
correcting code of each composite data stream is 
recorded by no more than one of said recording heads. 

2. A recorder according to claim 1, in Which said error 
correcting code for each composite data stream is recorded 
by a single respective recording head. 

3. A recorder according to claim 1, in Which said input 
data streams comprise video data. 

4. A recorder according to claim 3, in Which said input 
data streams comprise compressed video data. 

5. A recorder according to claim 4, comprising data 
compression means for compressing an input uncompressed 
video signal, and for demultipleXing said resulting com 
pressed video signal into said input data streams. 

6. A recorder according to claim 1, comprising means for 
generating respective track error correcting codes from data 
recorded by each of the recording heads, said track error 
correcting code for each recording head being recorded on 
said tape medium by that recording head. 

7. A recorder according to claim 6, in Which data is 
recorded by each recording head as successive data blocks, 
said recorder comprising means for adding an inner error 
correcting code to each data block, said inner error correct 
ing code for a data block being generated from that data 
block. 

8. A recorder according to claim 7, in Which at least one 
of said error correcting code, said track error correcting code 
and said inner error correcting code is a Reed-Solomon 
code. 

9. A recorder according to claim 7, in Which at least one 
of said error correcting code and said track error correcting 
code is a parity-checking code. 

10. Arecorder according to claim 1, comprising means for 
replaying data previously recorded on a tape medium. 

11. A digital tape medium having a plurality of substan 
tially parallel recorded tracks, on Which a plurality of 
composite data streams, each comprising an input data 
stream and a respective error correcting code generated from 
that input data stream, are distributed betWeen said plurality 
of recorded tracks such that at least one respective data 
portion of each data stream is recorded on more than one of 

said recorded tracks and such that at corresponding positions 
along said plurality of recorded tracks data from the respec 
tive input data stream and the respective error correcting 
code of each composite data stream is recorded on no more 

than one of said recorded tracks. 
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12. A recording apparatus comprising: 
means for receiving input data and for generating there 

from a plurality of data streams each having a plurality 
of data blocks; 

error correcting code generator means for generating a 
stream error correcting code for each of the plurality of 
data streams, each said stream error correcting code 
being adaptable to alloW correction of a data block; 

n recording heads (Where n is an integer greater than 1) for 
recording the data blocks and stream error correcting 
code of each data stream on recording tracks of a 
recording medium; and 

means for arranging the respective data blocks and the 
respective stream error correcting code of each data 
stream in a predetermined manner and for supplying 
the same to the recording heads such that at least one 
respective data block of each data stream is recorded by 
more than one of the recording heads and such that each 
recording head only records one of a data block and the 
stream error correcting code of a respective data stream 

10 
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at corresponding positions along n adjacent recording 
tracks so that only one of a data block and a stream 
error correcting code of a respective data stream is 
recorded at said corresponding positions along the n 
adjacent recording tracks of said recording medium. 

13. A recording apparatus according to claim 12, further 
comprising means for generating respective track error 
correcting codes from the data blocks and the stream error 
correcting codes and for recording the generated track error 
correcting codes. 

14. A recording apparatus according to claim 13, further 
comprising means for generating an inner error correcting 
code and for adding the same to the data blocks. 

15. Arecording apparatus according to claim 12, Wherein 
the stream error correcting code for each of the plurality of 
data streams is recorded by only one of the recording heads 
and the respective data blocks of each data stream are 
recorded only by the remaining recording heads. 


